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Antimicrobial drug use and resistance in dogs
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Abstract — Fifteen years (1984–1998) of records from a Veterinary Teaching Hospital were ana-
lyzed to determine whether antimicrobial drug resistance in coagulase-positive Staphylococcus spp.
(S. aureus, S. intermedius) isolated from clinical infections in dogs has increased, and whether there
has been a change in the species of bacteria isolated from urinary tract infections in dogs. In
coagulase-positive Staphylococcus spp., a complex pattern showing both increases and decreases of
resistance to different classes of antimicrobial drugs was observed, reflecting the changing use of
different antimicrobial drug classes in the hospital over a similar period (1990–1999). In canine urinary
tract infections identified from 1984 to 1998, an increase in the incidence of multiresistant
Enterococcus spp. was apparent, with marginal increases also in incidence in Enterobacter spp. and
in Pseudomonas aeruginosa, both of which, like Enterococcus spp., are innately antimicrobial-resistant
bacteria. A survey of directors of veterinary teaching hospitals in Canada and the United States iden-
tified only 3 hospitals that had any policy on use of “last resort” antimicrobial drugs (amikacin,
imipenem, vancomycin). Evidence is briefly reviewed that owners may be at risk when dogs are treated
with antimicrobial drugs, as well as evidence that some resistant bacteria may be acquired by dogs
as a result of antimicrobial drug use in agriculture. Based in part on gaps in our knowledge, recom-
mendations are made on prudent use of antimicrobial drugs in companion animals, as well as on the
need to develop science-based infection control programs in veterinary hospitals.

Résumé — Antimicrobiens : utilisation et résistance chez le chien. Les archives d’un hôpital
vétérinaire d’enseignement portant sur une période de 15 ans (1984–1998) ont été analysées afin de
déterminer si la résistance aux antimicrobiens de Staphylococcus spp. coagulase positif (S. aureus,
S. intermedius) isolés à partir d’infections cliniques chez des chiens avait augmenté et s’il y avait
un changement dans les espèces de bactéries isolées à partir d’infections du tractus urinaire. Chez
les Staphylococcus spp. coagulase positif, un modèle complexe comprenant des augmentations et
des diminutions de résistance à différentes classes d’antimicrobiens a été observé, reflétant les change-
ments dans l’utilisation à l’hôpital des différentes classes d’antimicrobiens sur une période semblable
(1990–1999). Dans les infections du tractus urinaire du chien identifiées entre 1984 et 1998, une 
augmentation de l’incidence des Enterococcus spp. multirésistants était apparente, avec également
une augmentation marginale de l’incidence pour Enterobacter spp. et Pseudomonas aeruginosa, tous
deux, tout comme Enterococcus spp., sont des bactéries présentant une résistance innée aux
antimicrobiens. Une enquête auprès des directeurs d’hôpitaux vétérinaires d’enseignement au
Canada et aux États-Unis a permis d’identifier uniquement 3 hôpitaux ayant une politique d’utili-
sation d’antimicrobiens dit de «dernier recours» (amikacine, imipénem, vancomycine). Des preuves
montrant que les propriétaires pourraient être à risque lorsque leurs chiens sont traités aux antimi-
crobiens sont brièvement analysées de même que des observations montrant que certaines bactéries
résistantes pourraient être acquises par les chiens suite à l’utilisation d’antimicrobiens en agricul-
ture. Tenant compte des lacunes de nos connaissances, des recommandations sont formulées pour
l’utilisation prudente des antimicrobiens chez les animaux de compagnie ainsi que sur la nécessité
de développer un programme scientifique de contrôle des infections dans les hôpitaux vétérinaires.
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Introduction

The crisis of antimicrobial drug resistance in human
medicine has brought into question every aspect of use

of these drugs in animals. While there is considerable,
though often fragmented, data on antimicrobial drug
resistance in bacteria of food animal origin (1,2) and
increasing, but also fragmented, data on quantities
of antimicrobial drug use in food animals, there is 
little useful data on antimicrobial drug use and resis-
tance in companion animals. Is antimicrobial resistance
a problem in companion animal, specifically canine,
medicine?

Intuitively, the problem of antimicrobial resistance in
bacterial pathogens isolated from dogs should be less
severe than in bacterial pathogens isolated from humans;
dogs are less likely to be exposed to antimicrobial drugs
for other than short, sporadic periods, because they are
less commonly hospitalized, they are not kept in “old
dog’s homes,” chronically ill dogs may be euthanized,
and immunocompromised animals are not commonly
treated with very broad-spectrum and potent antimicro-
bial drugs, such as imipenem.

By contrast to the situation in food animal medicine,
the effect of antimicrobial drug use in companion animals
on the acquisition of their resistant bacteria by humans,
or the acquisition by human pathogens of resistance
genes derived from resistant bacteria coming from com-
panion animals, has not been explored in any significant
way. Are owners at risk when their dogs and cats are
treated with antimicrobial drugs?

This paper addresses, primarily with reference to
dogs, the following questions: 1) Is antimicrobial drug
resistance in bacterial pathogens isolated from dogs
increasing? Is it a problem? 2) Because of antimicrobial
resistance, has there been a change over time in the
identity of bacteria isolated from infections in dogs?
3) What is “prudent use” of antimicrobial drugs in
dogs? Are there any specific guidelines for companion
animals other than the generic guidelines promulgated
by national veterinary organizations? 4) Are owners at risk
when their companion animals are treated with antimi-
crobial drugs? 5) To what extent can resistance problems
occurring in bacteria isolated from companion animals
be attributed to medical or agricultural use of antimicrobial
drugs? 6) Based on these analyses, what recommen-
dations can be made for the future? Excellent overviews
of aspects of this topic are available elsewhere (3,4). 

The overall objective of this preliminary investigation
and discussion is to stimulate dialogue and to focus
research on the subject of antimicrobial resistance and
antimicrobial drug use in companion animals, rather
than to provide definitive answers.

Materials and methods
Data for antimicrobial susceptibility for 495 coagulase-
positive Staphylococcus spp. (S. aureus, S. intermedius)
isolated from clinical infections in dogs presenting to or
hospitalized in the Veterinary Teaching Hospital, Ontario
Veterinary College (VTH-OVC), from 1984 to 1998, were
retrieved from electronic laboratory records. During
the first half of this time period, antimicrobial suscep-
tibility testing was performed by disk diffusion suscep-

tibility testing using standard methods and interpretation
as susceptible, intermediate, or resistant, based on pub-
lished criteria developed for medical pathogens. During
the last half of this time period, antimicrobial suscep-
tibility testing was performed using a commercially
prepared, customized “break point” broth susceptibility
system, and using similar interpretive criteria to those
used in the first half. For the purposes of analysis,
intermediate susceptibility was regarded as susceptible.
Identification of the bacteria for which susceptibility
testing was done was by standard methods in use in
the laboratory.

Data for all bacterial pathogens isolated from canine
urinary tract infections (UTI) in the VTH-OVC from
1984 to 1998 were retrieved from electronic records.
These included both nonhospitalized and hospitalized
dogs, but no attempt was made to distinguish these
2 groups or determine whether they were referral or
primary care patients. Identification of the bacteria was
by standard methods in use in the laboratory. However,
Enterococcus spp. were only identified generically
starting in 1997; before this, they were described simply
as either nonhemolytic or alpha-hemolytic streptococci.
Enterococcus spp. are naturally resistant to clindamycin,
as well as to penicillin G and cephalothin, giving them
a characteristic antimicrobial resistance profile. Based
on this, in the retrospective analysis of the relative fre-
quency of different bacteria isolated from canine UTI,
all clindamycin-resistant “Streptococcus spp.” were
classified as Enterococcus spp. Data from both the
resistance and UTI studies were managed and regression
lines plotted using a spreadsheet program (Microsoft
Excel; Microsoft Canada, Mississauga, Ontario). Pearson
correlation coefficients were calculated using a statistical
analysis system (SAS for Windows, v.8; SAS Institute,
Cary, North Carolina, USA).

The records of the VTH pharmacy were searched
for quantities of antimicrobial drugs (amoxicillin,
amoxicillin-clavulanic acid, cephalexin, clindamycin,
enrofloxacin, imipenem, trimethoprim-sulphamethoxazole)
dispensed for dogs over the period 1990–1999 (records
for 1984–1989 were unavailable). These were converted
into an estimated “daily dog dose” for each year by
dividing the total number of grams of the antimicrobial
dispensed by the pharmacy (for canine patients only) by
the number of grams of antimicrobial that would be
given to a 20 kg dog in 1 d during treatment using recom-
mended dosages. Where a recommended dose range
was given, the round number at the midpoint of the
range was used; for example, the recommended dosage
of amoxicillin for canine patients is 10–20 mg/kg body
weight (BW), q12h, so 15 mg/kg BW was used to cal-
culate a daily dose of 0.6 g for a 20 kg dog.

Two informal surveys were performed. The first
was a survey of 15 university veterinary clinical micro-
biology laboratories in 7 different countries (Australia,
Belgium, France, Sweden, Switzerland, United Kingdom,
United States of America) that were thought likely to
have compiled annual data of antimicrobial suscepti-
bilities of bacterial pathogens isolated from dogs and
cats. The survey asked each laboratory whether it
had antimicrobial resistance data from canine bacterial
pathogens recorded over time, whether it was willing to
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share this data, and what method used to determine
antimicrobial susceptibility. The second survey was
of the directors of the VTHs of each of the 31 veterinary
schools in the United States and Canada, as well as the
Angell Memorial Hospital in Boston, Massachusetts,

USA. It asked each whether the hospital had a formal
policy about the selection of antimicrobial drugs and, in
particular, about the use of imipenem, vancomycin,
and amikacin, and if it would provide a copy of any writ-
ten policy.
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Figure 1. Change in percentage of resistance over time (1984–1998) to selected antimicrobial drugs in coagulase-positive
Staphylococcus spp. at the Veterinary Teaching Hospital, Ontario Veterinary College. Note that the vertical scale is different for
most drugs tested. 



Results
Changes in antimicrobial resistance and drug
use over time
Over the period 1984 to 1998 at the OVC, there was a
significant decline in the proportion of S. aureus and
S. intermedius isolates resistant to penicillin G (r = -0.57,
P = 0.03; data not shown) and ampicillin (r = -0.75,
P = 0.001), and a marginal but not significant decline
in resistance to trimethoprim-sulfonamides (r = -0.55,
P = 0.13) (Figure 1). This trend of decline mirrors an
apparent decline in the hospital usage of these drugs
(Figure 2). By contrast, the proportion of S. aureus
and S. intermedius isolates resistant to clindamycin
and erythromycin remained stable and has not
changed significantly (Figure 1), corresponding to
stable usage of clindamycin over time (Figure 2).
Resistance to cephalothin appears to have increased
slightly (r = 0.50, P = 0.08), reflecting wide usage
of this drug, whereas resistance to enrofloxacin in 
S. intermedius has shown a marked increase (r = 0.94,
P = 0.001) (Figure 1), reflecting the increasing usage
of this drug at the OVC in recent years (Figure 2).
Resistance to gentamicin has also increased (r = 0.57, 
P = 0.02; data not shown).

Changes in bacterial species isolated from urinary
tract infections over time
Total numbers of isolates from UTI that were identi-
fied at the OVC from 1984 to 1998 were, in order of
frequency: Escherichia coli (657 isolates), S. aureus or
S. intermedius (262), Enterococcus spp. (113),
Pseudomonas aeruginosa (98), Streptococcus spp. (94),
Klebsiella spp. (87), Proteus spp. (85), and Enterobacter
spp. (36). A mean of 96 of these isolates were obtained
per year (range 67–132). At the OVC, Enterococcus spp.
have been identified to genus only in the last 3 y. If the
reclassification of all pre-1997, clindamycin-resistant
“streptococci” in canine UTI as Enterococcus spp. is
correct, there has been a significant increase (r = 0.67,
P = 0.01) in the proportion of enterococcal UTIs over the
last 15 y (Figure 3). By contrast, E. coli, coagulase-
positive Staphylococcus spp., and streptococci (includ-
ing S. canis) have remained a stable proportion of the
causes of UTIs; P. aeruginosa and Enterobacter spp.
(both inherently resistant bacterial species) have increased
slightly; while Klebsiella spp. and Proteus spp. (r = -0.39,
P = 0.15; data not shown) have declined as a proportion
of the causes of canine UTI (Figure 3). Apart from
Enterococcus spp., only Klebsiella spp. have shown a sig-
nificant change in prevalence as a cause of UTI over time
(r = -0.56, P = 0.03).

The use of guidelines
In the survey of directors of VTHs in the United States
and Canada, only 3 of the 21 who replied described
having any policy for the “top shelf” drugs, amikacin,
imipenem, and vancomycin. Several others said they did
not use these drugs, only used them very exception-
ally, or had a quality control system based on “rounds,”
which effectively controlled their use. Others com-
mented that veterinarians do not like restrictions on
their rights to prescribe.

Discussion
1. Is antimicrobial drug resistance in companion

animals increasing? Is it a problem?
Our data on resistance show a marked annual varia-
tion in resistance to antimicrobial drugs, which is
probably the result of a small sample size derived from
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Figure 2. Change in usage over time (1990–1999) of common
antimicrobial drugs administered to dogs at the Veterinary
Teaching Hospital, Ontario Veterinary College, adjusted to
daily dog doses. 



various referent populations, although it may also reflect
changing fashions in the use of antimicrobial drugs
(2–4), both at the VTH-OVC and in private practice.
The data presented here can only be considered as a

rough reflection of the relationship between use and
resistance.

It is difficult to obtain a reliable global view of
whether antimicrobial resistance in companion animals
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Figure 3. Proportions of the most common bacteria isolated over time (1984–1998) from canine urinary tract infections at the
Veterinary Teaching Hospital, Ontario Veterinary College.



is increasing. The pattern of changing resistance that we
observed is more complex than the conclusion reached
in one study of resistance in canine S. intermedius that
“resistance to commonly used antibiotics appears to
have increased dramatically over the last decade” (5). Our
data suggest, rather, a pattern that appears to reflect
drug usage. Despite a possible wealth of data in filing
cabinets in veterinary clinical microbiology laboratories
around the world, there have been virtually no system-
atic investigations of changes in antimicrobial drug
resistance in bacteria isolated from companion animals
over time, using standard methodologies for assessing
resistance. There are only a few notable exceptions to this
devastating criticism (6–9). Given the impact of small
sample sizes and other sampling issues on the apparent
prevalence of resistance, some trends are noticeable in
the short term. For example, there has been an increase
in resistance of companion animal bacteria to fluoro-
quinolones (10,11), a development that appears tem-
porally associated with the rapid introduction of these
drugs into companion animal practice. In a recent U.S.
study, only 75% of E. coli from canine infections in 1998
were susceptible to enrofloxacin compared with > 95%
more than 6 y earlier at the same institution (6,11). At the
OVC, resistance of S. aureus and S. intermedius to fluo-
roquinolones has risen from 0% to 12% in 8 y (Figure 1).
Our data showing a trend to an apparent increase in
resistance to cephalothin is suspect, since resistance
to first-generation cephalosporins is unusual. It suggests
that there may have been errors in test procedures or their
interpretation.

Reports of resistance coming from diagnostic labo-
ratories may be those of “worst case” scenarios, since
they often represent treatment failures rather than
treatment successes, which tend not to reach the labo-
ratory. Antimicrobial drug-treated animals will more
likely yield resistant bacteria than will untreated animals
(12–14). In addition, variation in resistance patterns
between multiple isolates of coagulase-positive staphy-
lococci from the same dog suggests that single swab
samples or the usual recommendation to perform sus-
ceptibility tests on a limited number of colonies may be
of limited value in optimally determining susceptibility
patterns (8,15).

Internationally, there are considerable differences in
the criteria used for susceptibility testing. In our infor-
mal survey of veterinary clinical microbiology labora-
tories around the world, these ranged from the bizarre
“all tests are done without standardization on discs
and are scored by eye by the same team for 10 y,” to the
Australian “calibrated dichotomous sensitivity test,”
to the use of the Veterinary Antimicrobial Susceptibility
Test criteria of the United States-based National
Committee for Clinical Laboratory Standards, which,
although an excellent and widely accepted standard,
unfortunately limits itself to U.S.-specific veterinary- or
farmer-licenced antimicrobial drugs, mostly for food ani-
mals (16). In addition to differences in susceptibility test
methods and interpretive criteria between laboratories,
our survey showed that laboratories may change pro-
cedures over time, often do not analyze their data,
change computer software that stores data with the
result that earlier data are inaccessible, or lose com-

puterized records. It seems evident that even the best run
clinical microbiology laboratories have problems with
the universality, reliability, and, in many cases, the
availability of the data required to determine anti-
microbial resistance and trends over time for companion
animals.

The congruence of changing resistance with changing
drug use is an important concept, although the relation
is not necessarily direct. Resistance is not inevitable. For
example, S. canis and P. multocida have remained
largely highly susceptible to antimicrobial drugs over the
last 50 y, for unknown reasons. Such an apparently
debilitating lack of adaptability in these bacterial species
contrasts with that in E. coli and many other bacteria,
whose greater ability to evolve is shown in the often rapid
emergence of resistance. Once resistance emerges, the
continued selection pressure of antimicrobial drugs
will maintain resistant bacteria in populations. In the
absence of such selection pressure, resistance will tend
to decline (17), since there is a physiological cost to bac-
teria to maintain unused resistance genes. For example,
Naidoo and Lloyd (18) showed the rapid rate with
which S. intermedius lost resistance plasmids in the lab-
oratory. However, the genetic ecology of antimicro-
bial resistance is highly complex (19). The physiologi-
cal cost to bacteria of possessing resistance genes can be
overcome, for example, by down-regulating their expres-
sion in the absence of antimicrobial drug exposure, by
clustering them on multiple-resistance plasmids, or by
arranging them as gene cassettes on integrons in the order
in which they are needed, the integrons themselves
being maintained within plasmids or transposons (20,21).
Thus, even if the selection pressure exerted by anti-
microbial drug use is removed, once resistance has
emerged, its prevalence will not necessarily decline.

Although, in general, it appears that widespread
antimicrobial drug use has led to the on-going devel-
opment and refinement of mechanisms for spreading
resistance, resistant bacteria isolated from compan-
ion animals are conspicuous by their absence as key
organisms that have been studied to understand resis-
tance gene organization. In other words, no suffi-
ciently dramatic resistance event in bacteria isolated
from dogs and cats has attracted anyone’s attention.
There are, however, few workers in this field, so that
even common forms of important resistance have not
been reported. For example, methicillin resistance in
S. aureus (or S. intermedius) of canine origin may be
more common than published reports indicate (22,23),
perhaps because only a few workers have deliberately
addressed this issue.

In summary, rather than simply becoming increasingly
resistant to antimicrobial drugs, over 15 y, S. aureus and
S. intermedius in dogs have increased in resistance to
some antimicrobial drugs but decreased in resistance
to others, changes that appear to reflect the changing
patterns of use of individual drugs over a similar period.
Antimicrobial resistance is not at a crisis stage in canine
medicine, but there are warning signs. More information
is needed on antimicrobial resistance and its molecular
basis in canine medicine, as well as on antimicrobial
drug usage by veterinarians in companion animal 
practice.
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2. Has there been a change over time in the
identity of bacteria isolated from infections 
in animals because of antibiotic resistance?

If antibiotic resistance is a problem in companion animal
practice, one might expect to observe a change in the
identity of bacteria in different infections over time.
There are hints that this has happened. For example,
a study of the prevalence and susceptibility of obligate
anaerobes isolated from a variety of companion animals,
including dogs and cats, associated developing resistance
with changes in the prevalence of different anaerobic
species over time, although it was acknowledged that
changing techniques might have influenced this obser-
vation (24). This trend appears to have continued (25).

After making an assumption about the identity of
isolates classified earlier as “Streptococcus spp.,” our sur-
vey of bacterial species in UTIs identified an apparent
increase in infection with Enterococcus spp. over the 15 y
examined. While not conclusive, these findings can be
interpreted as evidence of an increase in enterococcal
UTIs in dogs. This would reflect the inherent resis-
tance of this organism to common antibiotics, so it
would be expected to emerge among the type of canine
patient seen in the VTH-OVC, which include animals
with urinary tract catheters. This is consistent with
what has happened in secondary and tertiary care human
hospitals (26,27). More studies of the changing pat-
terns of bacterial infections in companion animals are
required, however, with fewer assumptions about
bacterial identities. 

Nosocomial infections with multiresistant bacteria,
such as Acinetobacter baumannii (28), Enterobacter
spp. (29), Klebsiella spp. (30), and Salmonella enterica
serovars (31,32), have been recognized in hospitalized
dogs, particularly in intensive care units, for many years.
Such infections are probably both under-recognized
and under-reported. The increasing availability of mod-
ern, simple, DNA-based fingerprinting systems, such as
randomly amplified polymorphic DNA, should make it
much easier to more fully document such occurrences in
the future. 

In summary, in the last 15 y, there has been an appar-
ent increase in the proportion of Enterococcus spp. in
UTIs in dogs, possibly reflecting the multiresistant
character of the bacteria and, perhaps also, the changing
nature of patients or procedures in the VTH-OVC.
Other innately resistant bacteria may have marginally
increased proportionately.

3. What is “prudent use” of antimicrobial drugs
in companion animals? Are there any specific
guidelines for companion animals other than
the generic guidelines promulgated by national
veterinary organizations?

The essence of prudent use is to ensure that antimicrobial
drugs are used only where necessary; for as short a
time as possible, consistent with clinical efficacy; with
optimal dosage and administration using the narrowest
spectrum antimicrobial; guided, where possible, by
laboratory findings or in consultation with a veterinar-
ian; and in a manner that does not cause toxicity to the
treated animal and that minimizes the development and
spread of resistant bacteria, or of their resistance genes. 

Several English-speaking national veterinary asso-
ciations, including the Canadian Veterinary Medical
Association, have produced general guidelines for pru-
dent or judicious antimicrobial drug use in the last 2 y.
The effort required to capture these elements in generic
guidelines has been considerable. In addition to these
generic national association guidelines (available by
searching national association Web sites), individual
species groups have developed or are developing species-
specific guidelines. For example, the American Animal
Hospital Association is developing guidelines under
the auspices of the American Veterinary Medical
Association Steering Committee on the Judicious Use of
Antimicrobials. The British Small Animal Veterinary
Association has infection-specific guidelines in its
Manual on Infectious Diseases (2000). 

Should some antimicrobial drugs (amikacin, imipenem,
and vancomycin) that are essential in human medicine
for the treatment of multiresistant bacteria or of serious,
mixed bacterial infections in tertiary care institutions be
unavailable to veterinarians? The rumors of the use of
imipenem to treat cat-bite abscesses may just be hospital
rumors, but international agreement about the circum-
stances under which “top-shelf” drugs can be used would
be helpful. We need to recognize that the use of any
broad-spectrum antimicrobial drug to treat a bacterial
infection affects all the bacteria in the body, not just the
target organism, and is liable to select for consider-
ably enhanced colonization of the intestine and other sites
by innately multiresistant bacteria, such as Acinetobacter
spp. and Enterococcus spp. 

Will prudent use guidelines affect how veterinari-
ans prescribe antimicrobial drugs, and which drugs
they prescribe, and will their use reduce resistance?
How will we know? 

Perhaps with the exception of those in some
Scandinavian countries, we won’t know. This is because,
unlike those Scandinavian countries, we currently lack
data on quantities of antimicrobial drugs used in com-
panion animal practice and there are no baselines of
resistance data against which to judge any effects. Until
such data are available, we will have to go on faith
that heightened concerns about resistance will encour-
age veterinarians to evaluate and improve their decision-
making practices for prescribing antimicrobial drugs,
reduce their overall use of the drugs, and, thereby,
reduce selection pressure for resistance. Antimicrobial
drug prescription by Canadian physicians declined by
14% between 1995 and 2000 (33), probably, at least
in part, as a result of efforts to enhance prudent use. 
On-going monitoring of antimicrobial susceptibility of
S. pneumoniae has shown a significant reduction of
penicillin G and trimethoprim-sulphamethoxazole
resistance in Canada in the last 2 y, corresponding to a
decline in the use of these 2 drugs (34). 

In summary, the lack of reliable data on resistance
in canine pathogens means that we will not know
whether more prudent use, including reduction, of
antimicrobial drugs in canine medicine will lead to
reduced resistance. Veterinarians may have to accept on
faith that more prudent use is worthwhile, based on
the fact that recent reductions in medical prescriptions
of antimicrobial drugs in Canada have been followed
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by a significant reduction in resistance in a selected
pathogen (34). 

4. Are owners at risk when companion animals
are treated with antimicrobial drugs? 

This is an area that has received little, if any, systematic
attention, so the answer must be a mix of “we don’t
know,” “possibly however” and “of course.” Bacteria in
animals are often and, in some cases, markedly adapted
to their hosts. However, there is evidence, for example,
that S. intermedius can transfer from dogs to humans
(35,36) and somewhat anecdotal evidence that methi-
cillin-resistant S. aureus (MRSA) has been transferred
indirectly from a dog to a patient in an intensive care unit
(37). Clearly, however, this is a 2-way street, since
MRSA spread from humans may have been responsible
for an outbreak of MRSA in horses in a veterinary
teaching hospital (38) and there is evidence that cats
become colonized by S. aureus of human origin (39). The
potential for spread of multiresistant Salmonella enter-
ica serovars from companion animals to humans as a
result of antimicrobial use in infected animals enhanc-
ing shedding, though not well documented, must always
be recognized (32,40). The theoretical potential for
owners to be infected by resistant pathogens or colonized,
if only transiently, must be recognized. The potential
problem is greatest in the immunocompromised owner. 

In summary, owners probably are at some risk when
their animals are treated with antimicrobial drugs, but,
at the moment, the risk is poorly defined and needs
further study.

5. Who is the enemy? Can resistance problems in
companion animals be blamed on medicine or
agriculture? 

The widespread use of avoparcin as a growth promoter
in food animals in Europe resulted in the selection of
vancomycin-resistance in their intestinal enterococci,
which subsequently entered the food chain or in other
ways reached humans in Europe (1,2). Dogs and cats in
Europe were likely also infected from this source.
Vancomycin-resistant enterococci were isolated from the
feces of 48% of 23 dogs and 16% of 24 cats in The
Netherlands (41) and from a smaller proportion of dogs
and cats in Belgium (42). This illustrates the apparent
spread of resistant bacteria from food to companion
animals. If vancomycin was used in companion ani-
mals, it could provide the selection pressure for the
emergence of vancomycin resistance in other organ-
isms, since the resistance genes are transposable.
Recently, in Canada, Salmonella reached dogs from
infected pig ear “treats,” with subsequent infection of dog
owners; among the Salmonella subsequently isolated
from pig ears was a multiresistant S. typhimurium DT
104 (43). 

Pharmaceutical companies also bear some respon-
sibility because of the marketing pressures they some-
times exert on veterinarians to use newer drugs in cases
where older drugs are adequate. The pressures to use
fluoroquinolones as general first-line antimicrobial
drugs is one such example.

The resolution to the problems of antimicrobial resis-
tance, however, will not come from blaming others. All

who use antimicrobial drugs must accept responsibility
for their prudent use and accept that resistance reflects
use, even though the relationship is complex (Figure 1,2). 

In summary, everyone who uses antimicrobial drugs
has a responsibility to use them prudently; blaming
others for problems of resistance is generally an unpro-
ductive exercise.

6. What recommendations can be made for
the future?

Antimicrobial resistant bacteria will always be with
us. The resistance crisis in human medicine has shown
how resistance can emerge in community-acquired
infections in a remarkably short time. Scientific data on
the development of drug resistance in companion animal
bacteria barely exist, with a few notable exceptions.
We also have scant data on the quantities and type of
antimicrobial drug use in companion animal practice and
on the ways in which these drugs are used, and no reli-
able data on many of the topics raised in this discus-
sion (44). A recent survey of veterinary practitioners in
Australia led to the reassuring conclusion that drug
selection for different disorders was generally appro-
priate when compared with recommendations in recent
texts; inappropriate use was, however, evident in some
cases (45). 

We need to continue the process of improving and
fine-tuning prudent use guidelines in companion animal
practice, so that we avoid creating resistance problems.
As a simple example, the Angell Memorial Animal
Hospital has 3 categories of antimicrobial drug use.
First choice: empirical use (no pending culture and
susceptibility results), amoxicillin with or without clavu-
lanic acid; first-generation cephalosporins; trimethoprim-
sulphamethazine; tetracyclines. Second choice: anti-
microbials that can be used only when justified by
culture and susceptibility results, amikacin, 2nd- and 
3rd-generation cephalosporins, fluoroquinolones,
lincosamides, oxacillin. Third choice (last resort): 
antimicrobials that can be used only when justified by
culture and susceptibility results and in consultation
with named infectious disease specialists, vancomycin,
imipenem-cilastasin (R. Remillard, Angell Memorial
Hospital, Boston, Massachusetts, USA, personal com-
munication). It could be highly beneficial to reach inter-
national agreement among veterinarians on a similar,
simple but effective, approach to prudent companion
animal drug use. At a minimum, there should be an
effort by VTHs, referral hospitals, and private com-
panion animal practices to develop formal guidelines
based on the practices outlined above.

We need active and effective infection control pro-
grams in veterinary hospitals to minimize spread of
resistant organisms, or their resistance genes, from patients,
especially those treated with broad-spectrum and potent
antimicrobial drugs. The science of veterinary hospital
infection control is hardly born yet, but the increasing
number of neutropenic or immunosuppressed dogs and
cats being treated in veterinary medicine means that
we are going to have to embrace this topic, not just with
enthusiasm but also systematically and with resources. 

Veterinary clinical microbiology is also ripe for fur-
ther development as a science rather than an art. As a
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matter of urgency, veterinary clinical microbiologists
around the world should agree on standards for moni-
toring and reporting resistance in companion animal
bacteria, perhaps as part of broader national resistance
monitoring of bacteria of food animal origin. This data
needs to be coupled with antimicrobial drug use data. We
also need to understand the limitations of the data avail-
able and work to improve it. Canadian veterinary micro-
biology laboratories could, at low cost, agree to use com-
patible susceptibility testing methods and criteria, and
share this data with veterinarians on a regular basis. 

Physicians, food animal veterinarians and produc-
ers, and companion animal veterinarians need to be
prudent, rational, responsible, and judicious in their
antimicrobial drug use. They also need to recruit own-
ers into partnership in this issue. We need to improve
on the recently reported only 44% of owners who fully
complied with the instructions for short-term oral
antibacterial drug use (46), perhaps by engaging more
effectively in client education on antimicrobial drug
use and by better understanding our own prescribing
practices.
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